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1. INTRODUCTION

This status report is the first on a research progrem spomsorcd by
the Netional Aeronsutics and Spece Administration to investigate

the characteristics of subecoled, mucleate boiling in a pegligible
grevity field. The objectives of the program are to examine the
mechanism of budble growth and collapee, and the met heat fluwx which
results in a boiling sudecooled fluid in the absence of gravity.

1I. STATUS OF TECENICAL WORK

Project efforts to dste have been directed toward the é&esign of
experimental equipment, including &rop tower and deceleration deviee,
dreg shicld, instrumented test section and Gmmmy drop package.
Design of these items is discussed in detail delow.

An unfortunste set-back has frustrated efforts to acoomplish actual
instrumented drops of the &mmmy capsule. A 120-foot high, 2k-inch
dismeter tower enclosure was constructed of gectims of gpecially
treated cardboard tubing ‘upon o steel tower struoture in preparatioa
for initial drop tests. Despite assurances of the vendor that the
tubing would withstand the clements for many months, an extrems
weathering condition quickly resulted, and the tower enclosure was
dismentled as a safety measure before a package &rop could be
accomplished.

All support brackets and the suspension system provided for the above
tube tower will be used in the eonstruction of a steel tubing drop
tube which is descrided in detail below. S8teel tubing has been
ordered, and will be delivered in approximately two weeks.

In the construction of the negligible gravity drop tube, structural
support 18 provided by a tower 150 feet 1A height, 6 feet by 6 feet
square. At the » three overbanging platforms project outwerd
approximately & 1/2 feet from the tower. The lowest of these is
135 feet from the bese.

The arop tube will be suspended from the second tier end will de
supported by steel cables (two) extending the entire length of the
tudbe. The tube itself is being made in 20-foot sections with a
length of 120 feet. The Y6-gage gelvanized steecl tube will extend
to within 15 feet of the ground. :

A method of suspending the tubing which will allow meximm flexibility
has been chosen, since the only external forces acting upon the tube
are csused by wind loeding, vhich is not a significant factor.




The tubing is 28 3/k inches 0.D.. Circular brackets with a rim
welded on the inside di=metar provide & support ané aligmment collar
for each individne) section of tudbing. Each secticn hes only to
support its own weight (slightly less then 400 pounds). The btrackets
were constructed in such a manner that the top of each tube extends
a short distance into the dottom of the bracket directly above 1t
and, therefore, is contained both above and below. Clamps are
providsd on the brackets in order that they mey be attached dirsctly
to the two supporting oables. The tude position is maintained
exsctly vertiocal through use cf positioning draces located at both
the top and bottom of the tube. To provide additional latersl
support, the tubing is stadilized through use of three additional
stability braces which tie the tube rigidly to the tower.

A small electric hoist is employed for tremsporting the drop packeage
to the desired vertical position in the tube. The hoist capacity

1s 600 pounds, with 300 feet of }/16-inch steel cable, and is powered
by & 110 Volt A.C. motor with a positive action clutch. Mnal
adjustment of the capsule position will be accomplished by deflection
of the cadle &t ground level. »

An instrumemtation room has been provided at the base of the tower.
Inside dimensions of the room allow & limited amount of storage space
and also sufficient spece in vhich to make necessaxry preparations
for sach &rop.

Batisfactory deceleration of ths drag ehield and test specimen is

of major importance. A deceleration device consisting of a cylindricel
steel containet 108 inches high and 32 inches in diameter will de
utiliged to contein the impact material. The weight of this container
is spproximately 40O pounds and is provided with & hinged door for
accessibility. Also, the chember has & weather-tight top to protect
the deceleration device from the elements. An aversge deceleration
of approximately 20 to 25 g-ts- can be expected using epirally-wound
cardboard as & deceleration material. The rate of deceleration may
be controlled by wvarying the tightness with wvhich the cardboerd is
wound.

Preliminery calculations indicate that nearly anine feet of decelerstiom
material is necessary to bring the drop package to a ete atop
since the wltimate velocity will be approximately 99 f£t/sec. when
dropped from s height of 120 feet.

A Ammy capsule will be used to test arag effects of the drop tude,
evaluate the deceleration device, and dstermine the dbest method of
releasing the drop package. The dummy oapsule is 61 inches in length
and weighs 120 pounds. Construction of wood will allow maximm
flexidbility at ninimm cost. The outside diameter is 12 inches, and
the design provides a hemispherical nose and a conical teil section.




The &reg shield vhich will contain the instrumented test section
is designed in four besic elements. These are:

1. A eentral tubular portion spproximetely 3 1/2 feet in length.
This section will be 12 inches in ingide diameter with a
3/16-inch thick aluminum wall.

2. A hemispherical mose of 1/2-inch thick steel.

3. A tail section in the form of & truncated conme. This section
wil) again be 3/16-inch thick slumioum with sn overall length of
spproximately 12 inehes.

k. A structural framework within the shield to give strength to
the cspsule and to support the necessary batteries and instru-
mentation eamponents.

The ocuter sections will be assemzbled in such & way as to pernit ready
access to the imner package snd instrmumentation. Total dreg shield
weight will de approximately 80 pounds.

It is planned to suspend both the outer &reg shield and the inner
package by music vife, and to release both for free fall dby severing
the wvires with an elecsrical #fscherge. Eleetricsl energy will de
discharged from a capacitor throwgh a amall section of the wires, and
the inner wire will part £lwst to provide the dssired delay time
between relesse of the two units. Experiments are being conducted
0 establish enargy and dslay time requirements.

Design of the instrumented imner d4rop peckage has been directed
toward the elimination of two major deletsriocus effecte vhich could
negate any data ocbtained during drop. These prodlems are:

1. The residual convection eurrents vhich exist in a preheated
boiling fluid, and

2. The maintenance of focus in the film plane with the test sectiom
moving sway froa the camere.

In order to proceed to the first odjective, it wvas deemed dasiradble to
establish the requirements and techniques for the generation and delivery
of stesn to an orifiee in the bottom of the test cell to produce
artificial boiling bubbles. The necessary informetion was obtained by
constructing a model including steam generator, valves and test cell.

The information gained from the model served as a basis for design of

& simplified system for stesm generation and &elivery.

The second objective, the maintenance of a crisp imege of the bubbles
while the test cell is moving relative to the camers, was attained




using the concept of infinite focus for the camera. By employing

e lens system in the tesi cell which focuses the bubble image at
infinity, while the camera itgelf is focused at infinity, the result-
ing photographs will have the neeessary resolution even though the
object distance is changing during the darop.

The imner package will contain appropriste thermocouplesz to mssacure
the tempersture of both the steam and the water in the test cell.

I, FomEcAST

Culminetion of the overall tower d4esign and comstruction thases is
expected to be acomplished in approximetely three weeks. Completion
of the tower will them permit gathering of the data required for
final establishment of drug shield length.

It 1s anticipated that the d&reg shield and partially instrumented
package can be sudblected to drop tests in Decemder, mnd that fully
instrumented data drope will take place in Jamuary.

The initial study efforts will be directed toward investigation of
the growth and collapee of artificially created vapor bubdbles in a
subcooled tulk liguld. Subeequent research will be conducted on the
more general questica of the prediction of heat fluxes in a subcooled,
micleate bolling system In the absence of gravity,




